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Foreword 

The quality and acceptance of stored food is strongly affected by 
its temperature history in storage and transit 

Between 1952 and I958 the Environmental Protection Division, 
predecessor of the present Earth Science Laboratory, studied such 
temperatures in warehouses, "boxcars, and storage dumps  Comparative 
food storage temperatures in boxcars were studied at Yuma, Arizona, 
and Cameron Station, Virginia, and a preliminary report of extremes was 
submitted on the Yuma data 

The present report is the result of a steady demand for more detailed 
storage temperature data, the need to analyze the Cameron Station data, 
and the availability of computer facilities and programming at US Army 
Natick Laboratories 

The observations were made in I953 and the data reduction and 
analysis during 1963 and 196^ 

The work was done under Project 1KO-14501-A71C, Food Research, 
and 7-83-005"0(AA, Environmental Requirements for Design of Military 
Items 

in 
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Abstract 

This report contains the detailed computer analysis of the fre- 
quencies, means and standard deviations of temperature observations 
made at 18 positions located in empty and loaded boxcars (two at each 
location) at both Yuma, Arizona and Cameron Station, Virginia 
(Washington, DC). 

It is a comparative study of storage temperature distribution in 
storage air and in food in storage cartons in a desert subtropical 
versus a humid subtropical climate 

Detailed analysis of outer and inner wall surface temperatures is 
also reported. 

The effect of both radiation and heat barrier insulation is a 
reduction of maximum temperatures by 10-15°F and mean temperatures by 
5 5° in the more severe Yuma storage  Foil-faced kraft paper is as 
effective as more expensive types of insulation 

The temperature distribution data are reported both graphically 
and m tables for each position for the total period and for separate 
weeks 

Storage temperature weekly means are shown to be highly correlated 
with outside air temperature means. 

It is shown that if an empirical food degradation-temperature 
relationship is known, storage life in boxcars may be predicted. 

Since the predictive relation between mean storage air temperature 
and outside air temperature appears similar at Yuma and Cameron, one 
may make moderately dependable predictions of food storage life or of 
effective temperature for laboratory simulation of food storage in 
boxcars at widely different locations and exposures 

ix 





Introduction 

A  Purpose of the Study 

During the summer of 1953* comparative studies of high storage 
temperatures in boxcars were carried out from April through September 
"by the Environmental Protection Division^- at Yuma, Arizona - a desert 
subtropical station - and from June through August at Cameron Station2, 
Virginia - a humid subtropical station. It was known that Yuma was in 
an area with conditions favorable to extreme heat accumulation m 
storage spaces  However, it was planned to compare the relations of 
inside to outside conditions found at Yuma with those at a More moderate 
site, and one with higher water vapor content in the lower atmosphere 
Thus, if the relations developed at Yuma were similar to those found at 
Cameron, their generality would he much increased 

A short preliminary report of the extremes found in the Yuma por- 
tion of the "boxcar study was made at the time of the study (l)  The 
present extensive analysis is the result of a continued demand for more 
detailed temperature data in food storage and transit and of the present 
availability of large scale computer analysis at US Army Natick Labora- 
tories. Similar detailed computer studies of warehouse and dump 
storage data were also prepared (2, 3). 

B. Scope of the Study 

At both stations, it was planned to expose identical types of 
boxcars, with identical loads of packaged food. It was also planned 
to expose identical empty cars, and, in addition, to make measurements 
of car wall surface temperatures and of the effect of reflective in- 
sulation placed over the load  This plan was carried out with one 
exception, i.e., at Cameron, a wooden instead of a steel empty car was 
exposed  The loaded cars and radiation blanket experiments were identi- 
cal at both locations. 

Since the study originated in an interest in degradation of 
packaged food in cartons, the cars were loaded with food (canned string 
beans and C-rations) and the results have been analyzed with respect 
to the position giving maximum storage temperature stress to the 
packaged food - the Top Center Carton.3 However, the temperatures at 
seventeen other positions were sampled every hour and the summarized 
data are presented in tables and graphs in the appendix for the in- 
terested reader, although little detailed written comment is made on 
them. 

The results and conclusions are presented in comparative form, 
since thereby it is possible to distinguish purely local effects from 
more general rules. Maximum use has been made of tables and graphs 
Written analysis has been kept to a minimum, since it is impossible 
to define in advance the needs of the reader. 

-'-Predecessor of the present Earth Sciences Laboratory 

^Referred to hereafter as Cameron 

^For better recognition, specific measurement positions are capitalized 
throughout the report. 



Research Ifethcds and Materials 

A. Choice of Sites 

The climatic and logistic factors on which the choice of the Yuma 
site was based have been reviewed in the abbreviated preliminary report 
on the Yuma research (l), to which the reader will be frequently re- 
ferred for details of materials and methods which were similar in both 
studies. 

Cameron was chosen because it afforded a site in a humid, sub- 
tropical area geographically convenient to the home office of the En- 
vironmental Protection Division. Climatically, the area is in sharp 
contrast to the desert subtropical area at Yuma, although strong heat 
accumulation occurs in storage spaces here also  Ideally, a tropical 
rain-forest site like the Canal Zone would be preferable, but the 
problems of supply and maintenance were deemed prohibitive at the time. 

B. Climatic Summary 

Since it was found that mean weekly or monthly air temperature in 
storage spaces is highly correlated with mean weekly or monthly out- 
side air temperature, there is shown below a comparative summary of 
mean weekly temperatures at Yuma and Csperon in I953 (Table I), to- 
gether with the departure of these values from the 30 year normals 
During the period of the Yuma studies, 13 April to 20 September 1953, 
the outside air mean temperature was 0.3 F° below normal. During the 
period 1 June to 7 September, however, which corresponded to the period 
of study at Cameron Station, it was 0 9 F° above normal, while Cameron 
outside air mean temperature was 1.9 F° above normal during the same 
period. 

In Table II are shown comparative figures for other climatic 
statistics less relevant to prediction of storage temperatures. 

The Table shows that for both stations, the extremes and means were 
sufficiently close to the normals to give representative conditions for 
study. Judging by these monthly values, Yuma was somewhat cooler than 
normal from May through September 1953 while Cameron was considerably 
warmer than normal from June through August, 

C. Characteristics of the Eesearch Sites and Situations 

The site at Yuma County Air Base (Figures 1, 3, and 5) was light 
desert sand plain with numerous small rock fragments, and has been 
amply described (l). Prevailing winds in the study period were from 
the southwest and south. 

At Cameron, the study site (Figures 2, kf  and 6) was at an eleva- 
tion of 75 feet, eight miles southwest of the center of Washington, DC, 
k  5 miles due west of the Potomac River, and 150 feet north of the main 
line of the Southern Railway. The boxcars were placed on a spur track 
raised 1.5 feet above ground elevation on a gray crushed limestone road- 
bed, about 40 feet wide. South of this were, successively, a grass strip 
40 feet wide, a concrete-lined canal 50 feet wide, another grass strip 
50 feet wide and the Southern railroad right-of-way. Six hundred feet 
to the south lay wooded hilly country which stretched with little set- 
tlement 8 miles to the Potomac River. To the southwest and west, similar 
terrain extends uninterrupted to the mountains. Prevailing winds are 
from the south 

Uorth of the boxcars at Cameron lay an area of gravel frequently 
filled with parked cars, a grove of trees, a concrete loading apron and 
a warehouse, and one quarter mile north a 200 foot hill under cultiva- 
tion. Northeast lay a concrete area with eight large warehouses. 



Table I 

Weekly Mean Outside Air temperatures and Departure from Normal 
(1931-1960)a 

Weekly Mean Temperature (°F) 
Yuma Cameron 

Mean   Departure    MSan   Departure 

Week Ending Study in Progress 
Yuma Cameron 

19 April Y 
26 April Y 
3 May Y 

10 May Y 
17 May Y 
2k  May Y 
31 May Y 
T June Y C 

Ik  June Y c 
21 June Y c 
28 June Y c 
5 July Y c 

12 July Y c 
19 July Y c 
26 July Y c 
k August Y c 

10 August Y c 
IT August Y c 
2k August Y c 
31 August Y c 
7 September Y c 

Ik  September Y 
20 '-September Y 

Mean 13 April to 20 Sep 

1 June to 7 Sep 

73 l 
7* 0 
69 -6 
■jk -2 
71 -7 
79 -1 
72 -10 
79 -1* 
88 3 
85 -2 
91 2 
95 k 
96 3 
95 1 
96 2 
95 0 
9k 0 
96 k 
96 5 
88 -2 
88 -k 
93 3 
89 3 

85.9 -0.3 

91.6 0 9 

^9 -6 
61 k 
6k k 
71 9 
75 10 
70 3 
6k »5 
Jh 3 
71 -2 
75 1 
79 3 
82 5 
75 -2 
82 1* 
78 0 
81 3 
16 -2 
77 1 
72 -3 
83 9 
79 6 
66 -5 
70 0 

72.8 1.7 

77^ 1 9 

Highest normal weekly mean 

Week ending k August 95 k August 78 

Reference k< 



03*16 II 

Otemperature, Wind Speed, and Radiation Extremes and Means at Yuma and 
Cameron During Study Period and Period of U.S.V.B. Record 

temperature (°F) 
Absolute     Mean Daily 
Max  Min Max  Min  Mean 

Yumaa Present llU13  51c 102.3 72.1 8?.3 
Study 

Yuma Overall 
Record      123e  39f 102.8 75 1 89 0 

Cameronm 

Present Study 103n k^      87 8 67.8 78 8s 

Cameron 
Overall Re- 
cord 106<1 h3r     85.2 66.k 75.93 

Wind Speed 
Mean (MFH) 

8.6 

9 1 

5 8 

5 9 

Radiation (lys. ) 
Max Mean 
Daily Daily 

849d 

867 

713^ 

Missing 

706 

699v 

512u 

511v 

TData for present study cover period May through September 1953« Data for 
"normal" period (overall record) are based on a 70-year record for temperature, 
3-year record for wind speed, and radiation observations for I952. Radiation is 
expressed in langleys  Reference 5 

^17 August 

cl May 

d27 May 

e September 

AMay 

^Data for present study at Cameron cover period June, July, August 1953. Data 
for overall record are based on a 29-year record for temperature, a 22-year 
record for wind speed, and a 12-year record for radiation. Reference 5 

n31 August 

Pl8 August 

August 

June 

Does not agree with lable I, since one week in September has been omitted from 
data used for Table II. 

*2 June 

uReference 6 
vReference 7 

wReference 8 
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Figure 1.    Map of study location - luraa. 



SITUATION   OF CAMERON   BOXCAR 

STORAGE TEMPERATURE RESEARCH 
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Figure 2. Map of study location - Cameron, 



MTE OF YUMÄ BOXCAR 
STORAGE STUDY 
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3 WEATHER INSTRUMENT SHELTER 
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Figure 3.    Map of study site - Yuma. 



Figure k.    Map of study site - Cameron. 
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Figure  5a.     View of Yuma Boxcar Study Site Facing 
Morth - Empty Car and Instrument Shelter in Fore- 
ground; Weather Bureau Instrument Shelter in Back- 
ground. 
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Figure Jb, View of Yuma Boxcar Study Site - Facing 
South. 



8 
bö 
9> 
s'-i o 

cl 
•H 

f-i 

a 
>> 

■P 
03 
rti 

W 
M 
!-! 

■H 
Ü 

£ 
<U 
-P 
■H 
co 

3 
03 

O 
XI o 

8 
u 

I 
Ü 

o 

■H 

10 



At Yuma, the loaded car was oriented at a heading of 205° true, 
the empty car being south of it at 211° true. At Cameron, both cars 
were oriented at a heading of 255° true, the empty car being vest of 
the loaded car. 

The Yuma site, because of the sparsity of vegetation in all but 
the limited irrigated areas1 near it, was inherently a hotter site than 
that at Cameron, where the extensive vegetation and the neighboring 
reaches of the very wide Potomac River gave much cooling by transpira- 
tion and evaporation  However, the mean wind speed at Cameron was re- 
duced by the wooded hills m the area (cf. Figures 15, 16). 

D. Measurement Materials and Methods 

A loaded and an empty steel car were observed at luma. A similarly 
loaded and instrumented steel ear was observed at Cameron, but the empty 
car observed had a wooden body. Details of the construction of the cars 
are shown m Table III  The cars were of standard construction, except 
for the Army olive drab color  It is doubtful if other colors conven- 
tionally used have much lower albedo 

Table III 

Characteristics of Cars 
Loaded Cars at Yuma and Cameron and Empty Cars at Yuma 

Inner Length 40' 6" Capacity 100,000 lbs 
Inner Width 9» 2" Load Limit 124,20C Dbs. 
Inner Height 10* 6" Lt. Wt 44,800 lbs 
External Height 14' 5", rails to top 

of car 
Cu Ft. 3903 
Car was new February 1953  Color - dull olive drab 
Wooden sheathing inside of car walls from floor to roof height. Wooden 
floor 
Roof - dull asphalt black on top, at Cameron galvanized within, except 
at edges of car and ends (over air thermocouples)  At these points, 
asphalt black in color  At Yuma, black on upper and lower surface 
throughout. 

Empty Car at Cameron 

Inner Length 40' 6" Capacity 100,000 lbs 
Inner Width 9' 2" Load Limit 123,800 lbs. 
Inner Height 8' 10" Lt. Wt 45,200 lbs 
External Height 13* 6", rails to top 

of car 
Cu. Ft 3364 

Car built January 1924  Color - dull olive drab. 
Roof - top - steel painted olive drab. Inside - dark wood. 
Walls - dull olive drab outside (wood). Dark wood inside. 
Ends - dull olive drab outside - corrugated steel. Light wood inside 

^Ohman has shown that the cooling effect of irrigated areas of Yuma ex- 
tends less than 100 feet on the downwind side (9). As Figure 3 shows, 
the boxcars studied were much farther than this from any irrigated area. 
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Ttie load was identical at each location (Figure 9, 10), as were 
the positions of load temperature measurement in the loaded cars, with 
the exception of Positions XII, XIII, XV, XVI, XVII, XVIII. Table IV 
and Figures 7 and 8 show the position number and location of the posi- 
tions listed in the graphs and tables. The wall and surface tempera- 
tures (VIII-XI) and the Northeast Corner Carton Air temperatures (XII 
and XIII) were measured in the loaded car at Yuma, while the South- 
east and Southwest Corner Bean Carton Air temperature (XVI and XVII) 
and a Top Center Bean Carton Air temperature (XVIII) were measured at 
Cameron. 

Table IV 

Location of Temperature Measurement Positions in Boxcars 

I Top Center Carton 

II. Load Center Carton 

III. Bottom Center Carton 

IV. Middle Layer Outer Carton Pacing West Boor (Yuma) or 
South Door (Cameron) 

V. Middle layer Outer Carton Facing Center South End 
(Yuma) or East End (Cameron) 

VI. Air Temperature Six Inches Below Roof and Eighteen 
Inches From Walls * Loaded Car 

VII. Air Temperature Six Inches Above Load and Eighteen 
Inches From Walls J Loaded Car 

VIII. East Boor (Yuma). Inside Surface Temperature 

IX. West Door (Yuma): Inside Surface Temperature 

X. Roof Center (Yuma). Inside Surface Temperature 

XI. South End (Yuma)  Outside Surface Temperature 

XII. Northeast Corner Top Carton (Yuma) 

XIII. Northeast Corner Second Layer Carton (Yuma) 

XIV. South Half (Yuma) or East Half (Cameron) Top Carton 

XV. West Half Top Carton (Cameron) 

XVI. Southeast Corner Bean Carton (Cameron) 

XVII. Southwest Comer Bean Carton (Cameron) 

XVTII.       Top Center Bean Carton (Cameron) 

At both locations, as described in detail in the preliminary 
report (l), the load matrix was approximately 17OO cases of string beans, 
packed in No. 10 cans, 6 cans to a case. Food and carton air tempera- 
tures, however, were usually measured in 8 specially prepared cartons 
of Ration, Individual, Combat-C at each location (Figures 11, 12), with 
the exception of positions XVI-XVIII, at Cameron, which were located in 
the carton air of cases of beans, near the top of the cartons. 
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Figure 7.    Location of temperature measurement positions in boxcar 
Turns. 
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Figure 8.    Location of temperature measurement positions in boxcar 
Cameron 
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Figure 9.  View of Side of Boxcar and Load 
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Figure 10. View of Interior of Boxcar 
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TEST   CARTON - COMBAT    RATION 

A =  Gorton  Air  Thermocouple 

B * Luncheon   Meat  Thermocouple 

C - Ration  Package 

Figure 11. View of Thermocouples 
in C Ration Cartons 

Figure 12. Diagram of Location 
of Thermocouples in C Ration 
Cartons 

In all other cartons, the air temperature was sampled by means of a 
thermocouple suspended between 'two central or side packages and 
2 l/2" below carton topi, n^g f0Qn  temperature was sampled by a 
thermocouple inserted under sterile and gas-tight conditions in the 
luncheon meat can of the lower layer of cans, in a central ration 
package, at all food temperature positions except Top Center Carton 
at Yuma, where a top layer can was used. In all cartons touching 
■walls (IV and v), the air and food thermocouples were on or in a 
ration package removed from the one nearest the wall. 

Instrumentation at Yuma was described in the preliminary report 
(l). Measurement of temperature at Cameron was carried out with 
copper constantan thermocouples, recording on  continuous strip 
charts of two electronic recorders, a Leeds and Horthrup Micromax 
Recording Potentiometer and a Brown Electronik Recorder.  The speci- 
fications of each are shown below: 

Type of Instruggnt Model Mo. Points Time Per Point Range (F°) 

.Leeds and Northrup S 1*0000 

Brown lkl6k& 

(sees.) 

16 60 -20 -  180 

6 30 0 - 300 

Ambient (Outside Air) temperature was measured at Cameron by 
a thermocouple suspended at standard height in a standard U.S.W.B. 
instrument shelter located 15 feet south of the track and 38 feet 
west of the cars, oriented, north-south as shown in Figure k.    Wind 
speed and direction (the latter was not analyzed) were measured by 
a Beckman-Whitley wind vane and anemometer located six feet from 
the ground and positioned as in Figure k,  18 feet west of the cars 
and 15 feet south of the track. The values were recorded on an 
Esterline-Angus Recorder. 

All electronic equipment was given servicing at least once 
weekly, with balancing, standardization, and an ice-bath and ambient 
temperature check. ' Temperature checks revealed that the instruments 
were usually correct within + 1 F°, and no error was greater than 
2 F°. All errors were included as correction factors in data re- 
duction. 

^Betweenlö July and 6 August at Cameron, Tap Carton Air temperatures 
(i) was measured within the air of a ration package and not between 
ration packages, as was the location of Position I at all other times 
here and at Yuma. 
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Total solar and sky radiation data were obtained from the U.S. 
Weather Bureau. They were collected at American University until 
August 5, and thereafter at Silver Hill, Maryland, both stations being 
less than 10 miles northeast of the site. 

Data reduction was performed on a Telecomputer Corporation system 
composed of a Telereader, Teleducer, Program Unit, IBM Electric Type- 
writer, and IBM Key Punch (procured from the then Telecomputer Corpora- 
tion, Burbank, Cal.), Data analysis was performed on a G.E. 225 Com- 
puter. 

Three types of reflective insulation blankets were tested for their 
radiation shielding effect in reducing storage temperature extremes. 
The characteristics of these are shown in Table V. 

Table V 

Characteristics of Insulation Blankets 

Label Manufacturer 
and 

Trade Nams 

Type Thickness Density 
(in.)        (lbs/sq. ft.) 

Foil-faced 
Kraft Paper 

Reynolds Metals 
Co. 

"Type C" 

Foil-faced2 Owens-Corning 
"Fiberglas" Fiberglas Corp. 
Blanket No. 1 "Aerocor" 

Foil-faced^ Gustin-Bacon 
Glass fiber Manufacturing 
Blanket No. 2 Co. 

"Ultralite" 

Sheet of re- 
flective aluminum 
bonded to one side 
of heavy, dark-brown 
kraft paper 

Sheet of reflective 
aluminum bonded to 
"fiberglas" blanket 

Sheet of reflective 
aluminum bonded to 
insulating fiber 
blanket 

Negligible 0.05 

0 75 

0 T5 

Purchased at wholesale market prices after receiving bids 

Furnished at nominal cost for study by one of the three major suppliers 
of this item who were contacted. 

The blankets were tested simultaneously at Yuma and Cameron, after 
a control period of one week, 5 through 10 August, during which Posi- 
tions XII through XV were connected to the recorder and allowed to 
record without radiation blanket protection  Thereafter, for periods 
of one or two weeks, interspersed occasionally with control days (25 
August and 1 September, Figures 56, 57), the various blankets were 
tested separately at the two locations, until the close of the study. 

One or two Top Carton Air positions were always left uncovered 
as control on the blanket tests, the position being occasionally altered 
to avoid a consistent bias. The control position will be obvious on 
the graphs and tables, since blanket-covered positions are always so 
labeled. 

E. Limitations of the Comparative Study 

The study, of necessity, had limitations of precision and scope, 
most of which are detailed in the preliminary report (l). It would 
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now appear, after detailed computer analysis, that such of these limita- 
tions as applied both to the precision and to the generality of the study 
results are less restrictive than was supposed at the time of the field 
work  First, computer analysis revealed high consistency of means and 
extremes at comparably located positions, supporting the accuracy of the 
data. Second, the predictive relations derived from the Cameron study 
are very similar to those for Yuma, and thus serve to support the latter 
study In both a different location and a different and less severe 
climate. 

Possibly the greatest limitation to the generality of the study 
lies in the large effect of height (within the storage space) and 
degree of protection on extreme temperatures in storage. Temperatures 
were measured, for the most part, in C-Ration cartons protected by an 
Overseas Sleeve of so-called "V-Board" in addition toihe corrugated 
board of the carton. In addition^ the^food temperatures -were measured 
within a can contained in yet another cardboard layer, that of the 
ration package. Judging from the large effects of such layers in sup- 
pressing daily temperature extremes, which are reported below, it would 
now appear to have been advisable to sample more air temperatures in 
less protected cartons, like that at the very top of one of the matrix 
cases of canned string beans. A limited amount of such observation was 
performed m July at Cameron, but with a different recorder, the results 
from which are not as reliable as those from the Leeds and Horthrup 
instrument, because of uncertainties in the balancing and standardiza- 
tion process. 

Research Results at Cameron Compared to Yuma 

A. Die Hottest Day 

Absolute extremes for the period of study at Yuma were shown in 
detail m the preliminary report (l). As in that study, the targets 
of analysis in this comparative report are the Critical Top Center Car- 
ton Air and Food temperatures since, as noted above, the study originated 
in an interest in the worst conditions for packaged food degradation. 
The most extreme day with reference to this position at Cameron was 30 
July (Figure 1^), whereas at Yuma it was 13 August (Figure 13), Com- 
parative temperatures at various positions for these two days are shown 
below in Table VI, derived from Figures 13 and Ik. 

Table VI 

Comparative Hottest Day Temperatures at Yuma and Cameron 

Position Temperature0, (°F) 

Yuma - 13 August 

Roof Air 
Ambient Air 
Top Center Carton Air 
Top Center Carton Food 
Buried Load Foodc 

Cameron » 30 July 

Roof Air 
Ambient Air 
Top Center Carton Air 
Top Center Carton Food 
Load Center Carton Food 

Maximum Minimum Mean13 

1^9 76 
110 82 96 
117 9h 106 
112 91 I<A 
98 91 98 

139 16 108 
100 70 85 
101 82 91 
91 85 88 
81 79 80 

aDerived from hourly observations  Inter-hourly values may differ 
slightly. See (l), 

^Derived from (Maximum =- Minimum)/2. 

eDerived from Middle Layer Outer Carton Food Temperatures at West 
Door and South End, both of which showed the same values. 
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Ibp Center Carton Air xemperature maximum was 16* F° less at Cameron 
than at Yuma, whereas Roof Air temperature was only 10 F° less. Indeed, 
on 31 August; at Cameron;, another extremely hot day, when Roof Air tem- 
perature reached its all*summer maximum of 1^5°F (interhourly), Top 
Carton Air temperature only reached 97°F  Thus, although all-summer 
maximum and mean Roof Air temperature were within 5-6 F at the two 
locations, the difference bebween the corresponding Sop Carton Air 
^temperatures at the two locations is considerably greater, 15~18 F°. 
This is probably the most pronounced difference in temperature behavior 
between the boxcars at the TWO locations, which in other statistics, 
show a similar response to external heat stress 

For example, the conservatism of the load Center temperature daily 
cycle is similar at both stations, as is the reduction in temperature 
at this position in contrast to the Top Center Carton 

This exemplified the pronounced effect of position of measurement 
and degree of protection, which is one of the salient results of these 
studies  There is, thus, h^~6o F° difference between the maxima at 
different positions within the same car, ana. indeed, within 7 l/2 feet 
in actual distance  Indeed, in the summer, there is often moie lango 
of temperature within the air of one boxcar than in the ambient tempera- 
tures throughout the United States at a given time 

B. Regression of Weekly Mean lop Carton Air temperature and Roof 
Air Temperature on Weekly Mean Outside Air Temperature 

As found in pilot analyses of mean storage temperatures derived 
from maxima and minima in -ehe Yuma boxcar and Yuma Dump Storage 
Studies (l, 10), it was found m the detailed computer analysis of 
the Cameron and Yuma data reported herein that there was a high degree 
of correlation between weekly mean Top Carton Air and Roof Air tempera- 
tures and weekly mean Outside (Ambient) Air temperatures at both 
locations, and that the linear regression equations developed had 
similar constants 

A plot of the weekly mean temperatures for Yuma and Cameron 
used in this regression analysis versus time is shown an Figures 15 
and l6  Values are shown in Tables VII and VIII. Similar means for 
windspeed and total weekly solar and sky radiation are shown, since 
multiple regression equations were computed using them, although the 
correlation coefficients were found to be low for these latter two 
parameters 

A prominent feature of Figure 15 is the arrival of the Con- 
tinental Tropical - Maritime Tropical dewpoint "front" at Yuma on 29 
June, This is the intermittent arrival of air of higher dewpoint 
which has moved from the Gulf of Mexico at high levels  It is dls» 
cussed at length elsewhere (9, 30, 11). The effect, plainly seen in 
Figure 15, is a drop in weekly total radiation, a pronounced rise in 
ambient and storage night-time minimum temperatures, and a corresponding 
rise in mean ambient and storage xemperatures, since the maxjma are 
little affected (11). Thus the highest ambient and storage mean tempera- 
tures occur under conditions of reduced toxal incoming as well as out- 
going radiation  It is the reduction of the amount; of outgoing long 
wave radiation, especially at night, which causes the large excess of 
sensible heat after the arrival of the moister air 

Ihis effect is not found at Cameron, as Figure 16  shows  How- 
ever, at both locations, the close relation of storage and ambient mean 
temperatures is plain, the relation holding both before and after the 
"front" at Yuma with equal validity 
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CAMERON BOXCAR   STUDY 
WEEKLY MEAN TOP CARTON  AND 
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Table VII 

Weekly Mean Storage and Ambient Temperatures, 
Wind Speeds, and Total Weekly Radiation 

Yuma 

No. of Week0 Top Koof Ambient Wind Radiation 
Period Ending Carton Air Air Speed (langleys) 

Air (op) (op) (oF) (mph) 

1 19 Apr 78.8 83.3 73-6 9 3 4924.1 
2 26 81.6 &5<5 73.3 9-9 3902.4 
3 3 May 76.9 76.9 68.9 14.8 4827 6 
4 10 82.0 86.1 75-2 10.0 5445.3 
5 17 79 9 82.1 70.7 9-6 5226.9 
6 2k 88.0 92.6 79.6 10 0 5432.0 
7 31 82.7 85.O 72.2 10.9 5551.5 
8 7 Jun 86.9 89.9 78 l 9 8 5210.0 
9a 14 90.1 98 k 87.6 9 3 5321 3 
10 21 93 7 98.0 85 2 9 7 5507 3 
lla 28 105 0 130.8 ^ § 8 8 5452.O 

4804.5 I2a 5 Juty 99.8 102.0 94.8 10.5 

13 12 101.7 IOU.9 94.7 10 4 4831.4 
14 19 102.1 104.6 94.1 12 1 4949.8 
15 26 103 2 104.U 95  5 13 0 3400 0 
16 2 Aug 100 8 101.8 92.6 10.4 3590.5 
17 9 101.6 103.5 92.5 8.5 5057.5 
18 16 104 k 106,4 95.4 7.6 4714.4 
19 23 102.8 103.8 95.6 10 6 4803.5 
ao 30 97 3 95.5 87.6 11.4 4740.9 
21*> 6 Sept 95.3 97.6 86.7 7.1 4748.1 
22b 13 97.9 101.3 92.5 6.7 4549.5 
23b 20 96.7 96.6 88.5 8 1 4273.2 

Number of Hourly ■ observations 

No. of Top Carton Air Roof Air   Arribient Air Wind Speed 
Period 

1 158 128 168 141 
2 I58 I58 168 155 
3 168 168 168 I65 
4 168 168 168 is6 
5 168 168 168 155 
6 168 168 168 147 
7 167 167 168 149 
8 168 168 168 152 
9a 33 33 168 148 
10 129 129 168 148 
lia 6 6 168 139 
12a 95 95 168 158 
13 166 166 168 160 
14 168 168 168 163 
15 168 168 168 l6l 
16 168 168 168 160 
17 168 167 168 158 
18 168 168 168 149 
19 168 168 168 167 

(cont'd) 
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Table VII (coat'd) 

Nuniber of Hourly Observations 

No, of Top Carton Air Hoof Air Anftjient Air Wind Speed 
Period 

20 168 167 168 160 
21*» 168 165 168 138 
22^ 168 168 168 131 
23b 168 168 168 130 

Kot used in correlation because of incomplete number of observations, 
(See lower table). 

Kot used in correlation since Top Carton Air position covered by- 
aluminum foil 

cDates of periods used in correlation do not coincide with periods 
used in frequency distributions, since the latter were adjusted to 
coincide with changes in the program of insulating blanket testing» 
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Figures 17 and. 18 are plots of airibient versus storage temperature 
weekly means to show more plainly the degree of correlation  The 
linear regression lines and the mean point used for each line are also 
shown. On Figure 17 for Yuma, the regression lines for Cameron have 
been superimposed on the plots, together with a few of the points at 
the extremes of the distribution  The relatively good agreement of 
the relations at the two locations, particularly in Top Carton Air 
temperature, is clear. Since in Figure 17 there is a thirty degree 
range of mean weekly Top Carton Air temperature, the agreement lends 
much support to the generality of the relationships. 

Table IX shows the linear regression equations and multiple 
linear regression correlation coefficients developed in this study. 
The high correlation with mean ambient weekly temperature and low 
negative correlation with wind speed is plain at both locations. 
However, the low negative correlation with total weekly radiation at 
Yuma is replaced by a moderately high positive correlation at Cameron 
This is a direct and somewhat misleading result of the dewpomt "front" 
at Yuma mentioned above, -which temporarily reduces total daily radia- 
tion, but increases mean storage and ambient temperature  This does 
not occur ai Cameron, at least within the period studied, since the 
general summer southwesterly flow of Maritime Tropical moist air begins 
quite early there. Therefore, the positive correlation with radiation 
appears, which would show up at Yuma, were the study period twice as 
long. 

In any case, it is clear that the multiple linear correlation 
coefficients are relatively little increased by the addition of radia- 
tion or wind speed (except, perhaps, for Roof Air temperature in the 
loaded car at Cameron), Period means of storage temperature correlate 
most closely with ambient temperature means in their complex response 
to radiation, advected heat, and wind. Therefore, while certainly not 
the causative agent, mean ambient temperature is an effective pre- 
dictor of mean storage temperature. 

C. Means and Frequency Distributions of Hourly Temperature 

Percentage frequency distributions of hourly temperatures, means, 
standard deviations, some extremes, and numbers of observations at 
the eighteen positions observed in this study are shown in Tables X- 
LV and Figures 19-55 for "&&  total period and each week of the research 
period at Yuma and Cameron  The weeks used m these tables do not 
necessarily coincide with those for the regression line computations, 
since the periods used in the frequency distributions have been ad- 
justed to coincide with times of insulation blanket changes. 

In both maximum and mean temperature, the Top Center Carton is 
by far the most critical carton studied (Tables VII, VTII, X-XIII, 
XXXVII, XXXVIII and Figures 13, 14, 19, and 20). In fact, although 
their maximum temperatures were greatly different, the mean tempera- 
ture of Top Center Carton Air for the total period was only 2 F° less 
than that of Roof Air at Yuma and 5 F at Cameron (Figure 17, 18). 
This was caused by the nightly cooling of Roof Air to temperatures 
5-7 F° below Top Carton Air for 12-llj- hours per day (Figure 13). 
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YUMA BOXCAR  AND CAMERON   BOXCAR STUDIES 

RELATION   OF CENTER TOP CARTON AND ROOF 

WEEKLY MEAN  AIR  TEMPERATURE 

WITH WEEKLY MEAN AMBIENT TEMPERATURE 

IZUr       120 

I I E II O 

110- 108 

~   108 

a. < o 

100 

100 

0. 
5       95 

< 
LL 
o 
o 

K 
3 
< 
Q- 
2 

8 8 6 0 

8 0 75 

7 SL       70 

O    YUMA TOP CARTON AIR 

A    YUMA   ROOF AIR 

Q    FOIL COVERED 

•     CAMERON TOP CARTON AIR 

▲ /CAMERON ROOF AIR 

•#    MEAN OF ALL PERIODS AND 
' REGRESSION  LINE OF STORAGE 

SPACE TEMPERATURE ON 
AMBIENT AIR TEMPERATURE 

WEEKLY  MEAN 
7      NUMERAL   DESIGNATES 

NUMBER OF PERIOD 

100 

AMBIENT  AIR TEMPERATURE  C F ) 

Figure 17  Regression of weekly mean storage temperatures on weekly 
mean ambient air temperature - Tuma. 

26 



I   I 5 105 

I I 0 100 

105 

100 

< 

< 
o 

Z> 

< 
a: 
IXI 
Q- 

s 

.   < 
O 

a. 
5 

95 

90- 

80 

7 5 

95 

90 

a: » 
< a: 
u.   85 - < 
O Ü. 
O o 
K o 
i cc 

(E 

< 
£   80 
a. 
S 
LU 

8 5 ~        75 

70 

65 

70L        60L        5 5. 
75 80 

AMBIENT   AIR   TEMPERATURE   (°F) 

Figure 18. Regression of weekly mean storage temperatures on weekly- 
mean ambient air temperature - Cameron 

27 



0 

-p 
<Ö   H 

P H 
crt   M 

3 
W 

4)        (D 
HCOHOArl 0N00 J-IAOiHOi t-W 
HVDH4-Ot-(MCOOimt-t-C04- 
ON mCO OJ H t— H ON C— LT\.*- iA  LfNCO 
co oi CJ ,* .* M^ roMH cnw en OJ 

O <U   5>» 
H "5   <0 

•P S H 
oj O   bö 
ri O   Ö 

■SAM 

i&ft 

oo minH|a4 ON ITN OJ H o t>~ co LTN 

j* en IACO v£> rovo IAOOOMH on H ITN 
co OJ OJ fnncotntnroH co co COOJ 

60 M M 60 M 
M w to w MCO-*-*-*C—t—OJ  CONO 

äsäsSMMfonnniori onto 

a) 
8, 

CO 

H 
<« 
P 
d 
H 

■i 

oo ir\ 
NO NO 
H H 

9 t-.* t-NOCOCO 
. NO NO NO NO NO NO 

H H H H H H H 

■tf 

H 

3 
^ 

o 

8 

H 

«H -po 

,9 s 

C— t— t-CO ON t— £- ON t—H H OJ   COiH 

CO ON H LTN f- OJ t—.* NO OJ -* t— VO ON 
t~-NO C-C-~ t—t—t~-t—t—t—t-NO   t— £— 

iH ON-* NO NO NO NO NO t-O 0-H -* NO 

t— STN O -* NO H  [—CO LTNCO  OJ VO   NO NO 
t-t-COCOCOCOCOCOOO C—CO t—COCO 

JH P 
cd Ö o O 

Ü 

> 
v—• 

§' o £3 
•H O t-— _=*- t-NOCO CO 
-P in NO NO NO NO NO NO NO P H H H H H H H 

^ 
0) <H 
W O 

a £ 
^ 
H 
3 o 
w h 

O   h   k 
o H cd 
w < ö 

NO NO O -* O G\-* OJ tfN ON t- ON co o\ 

COH NO H COCO .* H OJ H CO OJ   HO 
CO COCO  ON CT\ CO  ON ON CT\ CO CO CO   ON ON O t—J- E— NO CO CO 

NO NO NO NO NO NO NO 
rH  r—t H  i—I  rH  H  H 

O w 
p 

O   Cd «H 
Erl O <rj 

in j- Htr\tf\0*vot-coenoj  Hirv 
NO CO  ON-* NO -* NO NO NO H  COO   LfNNO 
£— t— h-COCOOOCOCOCOCOCOCO  COCO 

u 

M   H 
£ 

3 ?l £S 
h> hs < 

4-HCO        OJ ON NO NO  CO 
t-r-fOJOJ  tTNHHOJOJONHOJ 

h 
o 
CO NO 

s 

■g 
•H 
u 

O i>--* t-NO COCO 
NO NO NO NO NO NO NO 
rt r-i  r-i  r-i  H r-i  H 

O 
JD O  H OJ   CO-=f 
>H OJ CO-* LT\NO t~-00 ONH H !-f   H H 

O 

s 

H  OJ  CO-*  LfNNO t— 

28 



Ü 
CO 

$ 

co rooj oco trN-* 
VO H <J\M3 V3 t— w> 
H H 

<; 
■p CO j- t- t-CO O\00 
fl v>o MD -y- VO VO tr\MD 
(Ü     HHHHHHH 
H 

I 
-p 

? 
w 

4} 
fi 

S 5 « 

>> 
fc 

■fi 
•p s « 0 

& H 
H 
•ri 

0 
<1> 

H 
co -d- b- C-CO ON CO a> £ U 

?H vo vo-3; VQVO ii>^Q 
CO 

<H 
H H H H H H H H O 

W <3 *-W 

fl £ 01 
O <n >s 
•H 0 ■ CO 
-P 0 w >d 

**~~N M G ^ 
5) O 

•H 
0 Ö 

-P <D p > >       0 

8 8 
& 
rd 

■^--^ 

>? f-t 
0) E 0 a 

H 
H 

H 

C> 

8 •§ s co 

P 'tf <M 
0 
0 •> 

W (L> 0 d 
OJ d 0 
H t-l CO 5-1 0 H 
,Q O Q (Ü H +> 
B HH 00 -=t- t- t-co a\oo P ai 

!n vo vo -y- vo vo irwo 3 ri H 
(D h 

4 
rl  r-t r-{  r-\  r-{  r-{  rt 

Ö 
CO 
O 
P 

1 
4        ^ 

M <K » U ^ 0 
0 fl a • 

P 
K 1 

d 
•H 

Ö 
O 

1 
3 

0 

0 

w 

CO 
CM 

^ 0 P A               -P 

5 £ 
O 1 

Ö 3 <D 

-3 CO ^t t— c-co o\co « cd t <D •\ 
VO VO -d- VQ VO  lA*vO H y c t) OJ 
H H H H H H H 2 

d 

H 
09 

d 
H 
Pi 

ON 
ft H 0 O d 

s 5 g 
•ri 

3 
T 

i 
H s 

CO 

u 
O s ri 

■P 
cd 

0 

0 0 C H t 0 O 0) 

3 -p d d 
in O 

a § H ri O 
O H 

Ä O 
O H CM rn-3- 

p 
0 d W 

00 0\H H H H H 0 CQ M ri a 

to 
<H 2 

<d 
0) P P 4) CO 

ä O s u 
S cd rQ 0 •c! <y 

29 



Pi 
H 
P 
H   U   4> 

a u o 

1,* 

c- t-7 
H H 

a p 
0 et 
•H   0) co CO CO t- OJ CO 
43 <H ON Ox ON CO C\ CO 
(Ö    O ON ON ON ON ON ON 
rH   crH 0 • « « 0 • 
£& O 0 0 0 0 0 

CO 

§ 

g 
p EH a 
<D 
•H 
O CO 
H ON 

<t-) ON 
<+H § 

8 O 

o 

M 

Eng 

00 
NO 
00 * 
o 
I 

« 

§ 

o 
I 

g 

cO 
ON 

M 

s 
Eng 

o 

K 

g 
EH 

ON O 
H OJ 
00 OJ 

CD 

OJ 
H 

ON 

g 

CO 

a 

6- 

ON 

« 

g 
CO 

EH DE 

p 
p 
g 
O 

"Sfc* 
iut ^ NO cB -3- ON tn ON 

H OJ tf\ ON OJ CO 
a 0 <H « ♦ 0 * 4 e • 

■p H w 
H ON ON H CO ON H 

CO  (X)   p£) 

& 
fi 

0 

§■ 
CO 

a 
8 fi 

fl & i 1        -P 

1 $H                    (D 

■3          2 
CQ 

* 
<4H 
0 fl 
M 

g 

$ 8 ON 
t- O 

OJ 
CO 3 ON 

ITN 
ON 0 c- ON O OJ CO CO 

t 0 a • 0 ■ ♦ • 
O 0 

1 
0 

« O O 
1 

H 
I 

g 
h 

8 

0 O 

l/N 
ITN 0 OJ OJ CO t- CO co 

■ © 0 « * « 0 * 
CO 0 0 ITN t- t- -4" OJ 

3 3 H H 
H 

O 
H 

OJ t- 

I 
g 
02 

a 

f4 

ft  »H l 

CD  «H 

I 
i 

CO 

OJ 
ON 

•H 

co 

a 
0 
•H 
p 
a 

ir\    co co 

0 

a 
CO 

5s 

00 

In 
H 

■s 
T-i 

g 
H 
P 
«5 
H 

ITN 

co O 0 CO 0 0 
CO CO 

CO 
^1- 

H CO CO 
CO 

H 

& 
CO 

* 
J2 

ON 

CO 

vo 
CO 

CO 

< 
p 
Ö 

H 

H 
CO 

S 
H 

13 
•H 

P 
Ö CD, 
O H 

O H 

s 

Ö 
O 
P 

s 
ft fH o* 

g 
p 

P. h 
£5} 

30 



CO CM 
rH 

OJ 
rH 

CO CM 
H 

CO 

a P t~ CO CO CO CO H o 
0 a -3- t- a\ ON lf\ ON ON 

,Q      M (D o\ CO 0\ o\ ON ON ON 
0) -P H * a • a « 4 

H a) O O O o o O O o 
AiH H 

5? <P M K M 
a o 

CD 
O •s »v «\ «% •s 

S o o <d «i < <! < < «a! 
d d d a fl a d 
o o o O O o O 

d -P 
o d 
H <u 

EH EH EH EH fH§ EH 

-P •H 

«V.3 Ü 
o\ CVI t- ON J- H J* 

cd gj _* rH ON H VO b- t— 
w <p H o\ c— CM ON vo H 

fl 
d SH 
•d  o 8 « 

O O o 
0 

O O 
« 

O O 
-9 o l D l 
cd 
rH 
P 

£ 
-t£ « 5 
d 
a) 3* 1 t- % 
H q o 

Je 
H 

-P 
CO 

♦ 
H 

CM » 
O 

<3 WWW 

a 
o 
yi 
ru -* VO & H Mi 1A ON 
H a) iH ~=t CO ON vo M3 
p Pi t- <M MD vo H -3- CO 

-P o * » * * 
cd ^_] H H O -=J- H o co 

«'—*^ ^ CO 1 > 
rd 

■ü a 
g EH 

(Ü -P 

H ! 
P< 

CJ 

$ 
p. co -3" LTN -3- ON CO LTN 

tu CD * • ♦ « * * • 
H CO •P O CO ON tr\ tTN t- J* 

EH o 
CO 

g 

a ON 1 VO s VO ON 

1 S-ä 
* 

p. 
LTN ON • » LTN • ON • • LTN • 

P3 *s CO CO CO H CO co H co 

Ö 
> e- oo 6» ro 

o 
Ü3 
W 

g rt      . « vo -* 
Si 3    ft u 
CD i^a CO 

CO CO 

3 
CD 

P. 
CQ 

d CD 
<u H 

H ■a 

•H 

o cd 

H 

<k -P 

-p 
2 
O 

§ 
<ti f • a 
CQ fc 

O CO 

'S1 tp 
II 

•H Cf 
is 

H 

a 
•s 

O d 
ü O 

to 1 
A Ä 
0) fH 

& 
O 
ft, 

CO ^ 

31 



X! 

OJ OJ OJ OJ OJ OJ OJ OJ OJ ON 
LTN t/\ ir\ IT\ Ü-N LTN ITN IT\ LTN H 
ON ON 

& 
ON ON ON ON ON ON ON a CM OJ OJ OJ OJ OJ OJ OJ OJ 

CO 00 O GO t- ON t- vo J- CO 
i « ft • ft 0 ft ft 

3 O 
H 3 o o 

H 
ON H 

H d H 3 
.* CM LfN tr\ vo ~=t- t— IT\ OJ CO ft • • Ö 0 o • * * o 

IX OJ OJ c- t- CO t- -=r LTN LTN -4- 
ON ON C0 CO CO CO CO CO CO ON 

ON 
8 CO o O 

-* 
-H O 

ON 

6 en 

s p-} 00 

H 
r) ON 

A 1 t- 

3 o\ 
g o co 

O 
fc H fl OJ 
o H O H 

<H 

w ON 
Ö t- 
O o co 
•H o OJ • o 
-P H H -* OJ o H 

0) 
to 

ON 
i o O OJ ON ON H vo LTN OJ 

Sl 
ON OJ CO H H OJ ON H H H ON 

£i ON 
D 

1- o H -4" O en CO H CO CO c- O 
CO co OJ m co OJ .St en co CO H 

m ON 
<M ON g 
o H *—** o O vo CO -4- CO -tf O 

P4 t- OJ OJ H 1-1 OJ H tr\ tr\ VO OJ 
«2     »v o 
o H "«—' 
o co 

-P -P 

ON 

§ 1 o VO co l/N CO c- vo J- -=i- -* OJ 
CO   w 3 VO H H co m OJ CO -3- ^1- -4- H 

*§ -p 
CO 

S <u ^ ON 
g o OJ 

■ 

ON 
CO ft 8 * OJ 

id o £j IT\ H o H H o o OJ H H H 

I43 0 
rrt co ON ä H 

O 
+3  H -=f 
CO   H 

U 
■3 B< ON i ^ O 

on 

i 

w 

£ 
w 

s 
I 

8 
8, o 1 o 

& 6 
h !H 

a 
a; 
4s -g 

O ö P4 

•p Ö 
•H 
CO ft Pi 

£ £ £ 

u (H 
<D o 

-p +3 •p 
w a a 
* 8 

ua 

32 



& 

«? 
N 

ON 
1 o 

H 

1 3 
H 
H 

H 
H 
H 

H 3 H 

U"\ 
CO 
CO 
oo 

-3- J* O ON O OO H vo 

3 OJ 
00 CO 

H 
CO 
H 

00 
OJ 

oo 
H 

m \D o -3" LTN H ON ON 

CVJ 
ON 

oO 
O 
H 

oo o 
H 

P7 

H 

CO 
ON 

ON 
ON OO 

ON 
I o 

3 
8 

oo oo 

ON 

oo 
H t-      ■*        OJ 

a o 
o 

X 

I 

ON 

ON 

6 

ON 

6 
3 
ON 

ON 

^> 
CO 

ON 
I o 
t- 

ON 
I o 

ON 
« 
o 

ON 
I 

O 
-=t- 

oo 
oo 
H CO no C- vo 

t~ 3 OO 
H 

ON 
H 3 O 

r-i ON 

Ü ON 
OO 
H 

H S ON CO OJ 

s t— ON t- 
oo 
H 

O 
H 

O 
H H 

o 
OJ 

o 
H ON 

OO 
CM 

OJ 
H 

oo 
H 

OO 
H 

-4- 
OJ 

H 
ITS 
OJ OJ 

H 
OJ OJ 

O 
OO 

H 
OO OJ 

O 04 
H 

H 
H OJ 

oo 
H 

_* 
H 

OJ 
H r*] 

3 OJ OJ OJ OJ OJ 

oj oo 

ON 
I 
o 
oo 

81 

8 
H 

+3 
H 
CO 
O 

PM 

'S 

O 

B <! 

1 

!4 
O 
O 
P 
■P 
w 
CO 

<D 

-p 
<e 
u 
<D 

§" 

o o 
CO 

CO 

H 
CO 

(in 
O 
O 

Ö 

a 
H 

-p 
o 

CO 

CD u 
1 
CD 

CD 
Ü 

CO 

CD 
<CJ 
H 
w 

H 

O 

a 
w 

33 



o o O H H H . CO 00 00 VO ^9 ^ 
H H H H H H 

a OJ CM OJ OJ OJ OJ 

OJ ON o co ON VO « i 4 0 t 

X t- j* .* oo CO OO 
cd 

CVI i>- CO C- oo CO 
IX o 

oo OJ vo IJ-N o o 
CO CO t- tr- CO CO 

CO 
CT\ H 

t~ 
8 

as ro 

in 
1 

-cr 
ON -=i- 

'S oo 

a 8 
OJ 

 i 

o\ 
H 

8 o 

VO H 

* •p ON vo on 

£ a\ 
^ CO 
o CO t- ON H 

<M 
t- 

W 1 
a VO t- 
o CO t- H H OJ 
H 
p lf\ 

p 
8 

o CO t- o ^ CO H H H CM 
<D w ro 
8 8 

OJ Pl ON O ro 
a CO H tn, H OO oo 

i>> o 
H 

D o -* OO CO O ON s w Ö 
CO H H OJ H H 
ON 

<+-)    ! I 
O CO H VO OJ 

oo <•*■"% t- H b- CM OJ vo t- 
ra in fr 
a as o t— 
o H SwS B 

H H vo on ä CM 
X ■P     •» (T) tr- VO -=t ITS OJ H 

cö H H 

Ä "t=U +> s 

SS 
'S* 

S Ir- 

en 
Jt OJ tf\ ^T ON ir\ 

cd P) IS OJ vo VO 1« t- J- OJ H H OO OJ 

H 
p o « 
CQ P o O 

Hl  H 
t- <M H H \o H H 

ON 

s 0 
CO 
SO ca 3 H H OJ H H 

§^ [— 

£ f—| H H 

§ 
•H 
P 
•H 
W 
O 
P* 

in fc UJ 
a> 0) •£ p P ö 5 Ö Ä 
8 8 o 

ft p< 3 
ö £ 3 

fr 

ON 
1 

O 
VO 
H 

ON 
I o 

H 

ON 
I 

O 

3 
ON 

I o 
oo 
H 

ON 
« 

O 

ON r 

ON 
1 

O o 

ON 
g 
o 
ON 

ON 
g 
o 
00 

ON 
1 

o 
t- 
ON 
l o 

VO 

ON 
g 

O 
in 

s 
CM 

O 

1 
CM • 
OO 
OJ 

VO 

9 
l/N t- 

öS CO 

ON 

ON 

CO 

ON 

CVJ 

Ä 

ro 

Ä 

OJ 

o 
H 

H 

o 
H 

O 
H 

OJ 

O 
OJ 

OO 

O 

o 

1 o 

ro 

-4- 
H 

^ 

H 

CM 

s 

H 
o 

w 
<D 
Ü 

fl fl 

3^+ 



&5 

H 
CO 
r-l 
CVJ 

ro 
en 
H 
OJ 

O o 

CO* 
CO 
H 

H 
H 

IX 
CO « 
ON 

H 
0 

8 
o 

ON 

o\ 
t o 

C\ 
a 

O 

en 

I 
ON 

a 
O 

rtf      «r*>       H 
CO 

o o 
8 
ON 

Ö 
ON 

ON 
D o 

00 

ON 
1 

& 
ON 

ON 
0 o 

LTN 

t-       H 

3 ON 

o 
CM 

H 
CM 

CO 
OJ 

O 
on 

S & 

CO 

H 
■P 
H 
CO 

35 



Yi 

13 APRIL-31 AUGUST 1953 

FREQUENCIES, MEANS, AND 

STANDARD DEVIATIONS OF 
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Figure 19. Means, frequencies, and standard deviations of temperature 
observations for total period - Tuma. 

36 



CAMERON STATION BOXCAR STORAGE 
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Figure 20  Means, frequencies, and standard deviations of temperature 
observations for total period - Cameron 
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The variability of hourly Top Carton Air temperatures around the 
mean for the week is shown in the following summaryi 

Number of Weekly Periods as Fraction     Number of Degrees 
of Total Number for which Two Standard    Required to be Added 
Deviations Added to Mean Gives Maximums    to Mean to Include 

Maximum for all Periods 
(F°) 

Within 1 F°  Within 2 F° Greater Than 2 F° 

YWia   15/21     21/21        —..— 18 

Cameron 

12/14     13/14        lh/lh 15 

The similarity of the figures for Yuma and Cameron in the last 
column of the summary., i.e., the greatest number of degrees which must 
be added to the mean of each period to include the maximum for that 
period, suggest that the use of 20 F° added to the predicted storage 
air temperature mean for a period is a safe figure in the divergent 
locations studied to predict the maximum for that period 

The consistency of the frequency distributions is shown in 
Figures 58 and 59, in which weekly standard deviation of Top Center 
Carton Air is plotted against the corresponding Ambient Air standard 
deviation. For Yuma, 15 out of 18 carton temperature standard devia- 
tions are between 6 and 8 F°, while for Cameron, essentially 10 out 
of 13 are between 5 and 7 F°. In both figures, the hotter weeks have 
been shown by open circles, which at Yuma occur after the dewpoint 
"front". Bie standard deviations of these hot weeks tend to be lower 
and less variable than for other weeks at Yuma. At Cameron, standard 
deviations of hot weeks are intermediate but also less variable than 
for cool weeks  Thus, the temperature frequency distributions of 
critical hot weeks are more predictable 

For a given week the mean temperature of all cartons are within 
10 F°, in general, but, as noted for the,ihottöst day, yabbv&, the; load 
center cartons are very conservative m the weekly temperature cycle, 
as compared to the large range of the top layer cartons  Thus, the 
same effect of position and degree of protection operates on the 
weekly maximum carton air temperatures which are 20 F° higher in the 
top layer than within the buried load  It would seem advisable for 
shippers to give serious thought to the possibilities of loading 
dummy cartons protected by reflective insulation above the actual 
load for items sensitive to temporary excesses of temperature over 
certain discrete limits. Indeed, the brevity of the raid-day pulse 
of strong incoming solar radiation, as it is transmitted to the load, 
and the long night-time period available for recovery by emission of 
radiation, place a premium on all forms of protection which smooth 
the mid-day peaks of the cycle. 

D„ Prediction of Actual and Effective Mean Carton Air Tempera- 
tures with Respect to Sterile Food Degradation 

Weekly mean air temperature in storage can be predicted with a 
high confidence level from ambient mean temperatures by use of the 
appropriate relation from Table IX or Figures IT and 18, part III-2 
above. Also, because of the consistency of frequency distribution, 
quite reliable predicted frequency distributions of hourly Top Carton 
Air temperatures with reference to each predicted mean may be con- 
structed, by the judicious use of the appropriate data from Tables 
XII-LVo Total predicted storage temperature frequency distribution 
for a period comprising a number of weeks may then be obtained by 
addition of the component frequency distributions 
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The method of computing an effective mean storage temperature 
for use In laboratory simulation of predicted storage stress under 
variable temperature conditions has been extensively discussed else- 
where (l0)o This, of course, presupposes a known relationship of 
relative rate of degradation and temperature. Such a relation often 
approximates an exponential function with so-called Q10 of 2 (i.e., 
doubling of reaction rate with every 10°C or l8°F rise in temperature). 

If such a relationship is known, one may compute the total rela- 
tive degradation corresponding to the time spend at each temperature 
of the frequency distribution for the total period concerned. From 
this, a mean relative degradation rate for the period may be computed, 
which corresponds to one temperature, the effective mean temperature 
for storage. Such computations based on Q^Q of 2 are shown in 
Tables LVI-LVXII for both the Top Center Carton Air and Pood tempera- 
ture frequency distributions at Yuma and Cameron. The difference 
between effective mean and arithmetic mean is 3 F or less in all 
cases. Table LIX shows the relative degradation rates corresponding 
to Q^Q of 2 at various temperatures of storage. 

Alternatively, one may compute the effective temperature increment 
representing the weekly fluctuation by using frequency data for the 
weekly period with the greatest storage temperature range, as in Tables 
LX and LXI, and add this to the effective mean temperature obtained 
by computation from the predicted mean storage temperatures for the 
several weeks of the period, as in Table LXII. The results usually 
differ from those by the first method by one degree or less, and the 
method had the advantage of greater simplicity, For example, the 
increment due to the fluctuation within the week is approximately 
1.5 F°,while the effective mean of all the weekly mean Top carton air 
temperatures at Yuma happens to be also 1.5 P° higher than the arith- 
metic mean (93.9-92„10. Thus,, the total increment is 3.0 P°, in this 
case, exactly the same figure as that obtained by the first method 

E. Effect of Reflective Insulation m Radiation Shielding 

Three types of reflective insulation (Part TZ-k?  above) were 
tested as means of reducing daily maximum Top Carton Air temperatures. 
Tables LXIII-LXVI show the effects of these tests on mean and maximum 
temperatures, together with the same data for the control week ending 
10 August at both locations, when the newly located positions were 
left uncovered  Tbe same results are covered in more extended form 
in Tables XI, XIII, XXII, XXIX, XXXVII-XLII and Figures 35-kl and 5I- 
57. 

One may conclude from the data of Tables LXXII-LXVI that, both 
at Yuma and Cameron, the effect of these coverings on the rosan Top 
Carton Air temperature was not pronounced, resulting in a lowering of 
less than 5 F° in all cases. 

Tnere was, however, a much more pronounced effect on the maximum 
temperatures, a reduction of 6-10 po at Cameron and 10-15 F° at Yuma 
being common, in contrast with the control positions  Since the con- 
trols were both concurrent (one top layer position covered, the other 
simultaneously bare) and successive (the same top layer position first 
covered, then bare), and since the effects are demonstrated at both 
Yuma and Cameron, one may1 conclude that maximum temperatures are 
markedly lowered by these measures  However, the graphs reveal that 
minimum temperatures are raised somewhat, accounting for the much 
smaller effect on the mean 
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It would appear that the much less expensive foil-faced kraft 
paper is just as effective for this purpose as the other blankets, 
which are four to five times as expensive per square foot  This sug- 
gests that the principle source of heat is not conduction or con- 
vection but radiation from the inner surfaces of the steel roof and 
the doors, the remainder of the car having an interior wooden sheathing 

F  Condition of Subsistence at End of Research Period 

Special inspection of the subsistence was carried out by a sur- 
veillance inspector of Food Service Division, Office of the Quarter- 
master General, 21 September 1953 and by the Mira Loma QM laboratory 
The Report of the Mira Loma Quartermaster Depot Laboratory on 6 
sample cans of beans (12) stated: 

"Loss of vacuum and some chemical decomposition seems to 
have taken place in this product in the desert heat. The 
product is sound, however, and is fit for issue". 

Similarly, the report of the Richmond Quartermaster Depot Labo- 
ratory (l3) stated,, in reporting on 3 sample cans of beans* 

"The product examined is 'commercially sterile'. Gas 
analysis and physical inspection of the sample, com- 
pared with normal optimal growth rates and biochemical 
reactions of organisms isolated, indicate that these 
organisms are metabolizing very slowly. A decrease 
m the vacuum of sample cans and corresponding in- 
crease in carbon dioxide and bacterial counts reveal 
that deterioration by bacteria may accelerate with 
continued storage  It is recommended that this 
product be issued immediately while bacterial counts 
remain at their present level" 

The combat rations did not fare so well. The surveillance in- 
spection report (lfc) made at Yuma by an inspector from Mira Loma 
Quartermaster Depot, on two critical cartons of C rations, is quoted: 

"Inspection revealed the following listed ration com- 
ponents to be unfit for issue. These cans are flippers, 
springers, and/or swells: 

1 can Beans w/franks 
1 can Ham and Lima Beans 
1 can Prunes 8 oz. 
2 cans Grapefruit 8 oz. 
1 can Beans with Pork 
1 can Meat and Beans 

Due to the extent of deterioration found m these 
rations, it is recommended that all of the C rations 
be salvaged". 

At the time of the study, Quartermaster Food and Container In- 
stitute used oven testing for 6 months at 100°F as a measure of suita- 
bility of subsistence items for overseas shipment. In view of the 
combat ration deterioration noted above, and presuming that the same 
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grades of food as those used at Yuma were so tested, it might seem 
that the Yuma stress was greater than the effective temperature derived 
above (less than 100°P) would indicate  However, since at Yuma (and 
also at Cameron) all the matrix load of string beans was pronounced 
fit for issue after exposure, and since the beans were not protected 
by either a ration package or an overseas carton sleeve, the presump- 
tion is that the combat ration provided for study was not of recent 
pack or was slightly below standard. It is, of course, probable that 
brine-packed beans are more heat-tolerant than the C-ration components 

G„ Temperatures in the Empty Boxcars and Wall Surface Tempera- 
tures at Yuma 

Air temperatures in the empty boxcars at Yuma and Cameron and 
interior surface temperatures m the loaded boxcar at Yuma are reported 
herein for the first time, since the previous pilot study (l) did not 
concern itself with such detail 

Tables LXVIT-LXIX summarize these temperatures, but the detailed 
frequency distributions, means, and standard deviations are found in 
Tables IX-LV and Figures 19-55  Comparative data on roof air at Yuma 
and Cameron are shown: 

Air Temperatures Six Inches Below Roof (°F) 

Location Period Loaded 
Mean 

Car 
Absolute 
Maximum 

Empty Car 
Mean  Absolute 

Maximum 

Yuma 19 July - 20 Sep 101 h 11+9 IO3A 152 

Cameron8, 2 June - 7 Sep 88.5 IA5 82 5 120 

aEmpty car was of wood construction. 

The wooden car at Cameron clearly gives a much cooler environment 
than the loaded steel car both in mean and maximum temperatures, 
whereas the empty steel car at Yuma was slightly hotter than the loaded 
car. The reason for the contrast appears to be that at Yuma there is 
radiation from the steel roof and doors into the steel car. The wooden 
car, although it has a steel roof like the steel car, has also a wooden 
ceiling sheathing underneath 

Wall temperatures for the loaded steel car at Yuma are shown in 
Tables LXVIII and LXIX  A summary of the data follows* 

Position Wall Surface Temperatures (°F) 
Mean    Absolute Maximum 

Outside Surface of South End   99.0 173 

Inside Surface of East Door   103-2 159 

Inside Surface of Roof Center  IO6.3 1^8 

The upper outside surface of the metal corrugations on the south 
end of the loaded steel car, as might have been expected, reached the 
highest maximum surface temperature, 173°F, at 1400 on 10 September 
with a wind speed of 3 mph  However, the inside surface of the roof 
center sustained the highest mean surface temperature for the total 



period, although its maximum temperature was notably lower. This is 
probably because the outer surfaces cool strongly by radiation at 
nighty while the interior roof surface is warmed by radiation from 
the warm load within the car until cooling makes the interior air 
space isothermal at about the time of sunset. 

Limited data obtained in July on the west door interior surface 
suggest that it is the hottest surface of the car, but the data are 
not extensive enough to predict what temperature it might have 
reached on 10 September (the day of hottest observed surface tempera- 
ture mentioned above) had measurements been available. 

If further confirmation were needed for the thesis that boxcar 
high temperatures are extremely divergent at different points in the 
air space and load at any given time of intense heat accumulation, 
these surface temperatures provide it. For example, at the moment 
(1700, 22 July) that the surface of the West Door was reaching 167OF, 
its summer maximum, the air m the Top Carton reached ll6°F and the 
Top Carton Food 110°F, the absolute maxima for that day for the two 
positions. Koof Air reached l45°F and Air Above Load 136°F this day, 
at l600, Ihe  danger of making inference about food temperatures from 
haphazard temperature measurements at various points in a storage 
space is plain from these data 

55 



8 
ö 

u I 

rooo ooooij-ajHojooai iAt-4- 
ojoiOjroojojojojojHfoojojoj 

^O ONH4H COVO CO CO \r> 
OONHHHHHHOÖ 
H       f-l H H H H 

H O Ö H O H H 
H H H H H >H H 

ON t-.it--=i- rot— co ONO-* ro^j- ir\H 
oj c\j ro-=t- m co co ro ro OJ -* co^t- ,3- 
l-ir^r-iHr^Hr^r-fHHHr-iHr-l 

-3" 
OJ 

CM 

H 

• 
CO 
H 

OJ 
oo 

OJ 
H 

3 
d 
o 
hl 

8 

m 
CP 

3 
u 

<! 

O 
o 

fr 
O 

CD 
o 
d 

8 

ft 

£ 
H 

$1 

HVO i-t OJ OJ VO OJ OJ-tf OWO O H OJ       o 

VOVO U"\ t-V3 t— VOCO tT\ CO LT\t— LT\^f       VD 

OJ OCO ONM3 C\OJ ^t\D ONCO CO-tf 0\       tf\ 

OJ -*  OJ IT\VQ OcOJ-OCOrlVOCOW 
CO  t—COCOCOCOCOCOCO  t—00  t— CO CO 

fOVO ON H CO tr\4- VO O CO -=|- CO tf\ H 

CO 
<U   O   <ü 

•p ■p-p-p 
-P   W    W    10   W 

^   3 rH' ^   rf  d   & ^ ^ J J p, 

\£>COO ITvCOO O  C—_* H 
ON H OJ CO t- H OJ C0.4- H H OJ OO fr- 

iüäfjffs 

OJ 
CO 

IT\ 

co o t- co OJ co -* OJ VD OJ t- ro co t-    co 
oo co co Ov o\ co ON ON co co co co CT\ co     co 

t 
0) 

PH 

H 

£ 
O 

'S 
rl 

c 
O 

■8 1 
R H 
H O o to 
«I «£> 

< «f 

A! 

o 

S 

I 
d 
H 

% 
a 
d 

1 
& 

H 

2 
1 
o 

CO 

*N 

3 a 
£ 

2 
Ü 
o o 

56 



1 
Ä 

en O Q\^t  t~OKO JMAt- 

co-3-soOt/Mr-o\c\J trO 
OOÖHHO"    ~    ~ 
r-i   f—I  rH  i—I *   I  rH 

O OS o o o 
H  r-{  r-i 

co 

H 

E 

CO 

-P 
cd 
U 

& 

P 
CO 
u 

H 
H 

O 

0 
Ü 

■a a m w 
xj o 
53 -6 
3 TH 
O CO 

CQ   P 

O 
O 
P 

m 

1s o 
fi 
p 

VO t—*>0 CM C*~ O ONVO *^o vo 

o\0\0\q go o\o\g o\ 

OO\O0JCT\CX>V0C0i-IC0 
• « CO»»« 

-3- Ov mep co cn\o a\w\ t— 
O0\OOHO0\0NO0\ 
H        H H H H H 

OJ-cf-VO l 1 i    B g o\ •          • t g I    g a 
4-OCvl 9 ! t      D a  CM o o o 1 1 t      0 a  ON 
H H H 1 1 g    i a 

ON 

en 
o 
H 

1 CO 

<u 

g t 
CO s 
U 

4 
CH 
O 
8, 5H 
K 4 
§ <H 

1 O 
Q 
« 

£ 
w 

M 

H -d* t— en o Jür oo tr\ ON H      -=1- 
LTNrH COCO CO-d- ITiOMM- 
QOOOHOO\0\Q(J\ 
H iH H H W H H 

OOtAOMHHVOOCh 

CO LTWO VQ CJ CvJ LT\ CT\ 
00 CO t— CO CO CP\CO OO 

I o 
I 
I  CO 
i   ON 

o cr\0.3- o t— co i— co t- cvj o 

oj ^- -=t- -ä" o o o o 
i-f H H H 

OOVO CAl J-COHVD 
O O O 0\O\O C\ 
l*H  r*n  rH i-1 

co o 
H 

3 

CTN*^) ._ Q frr«3t H .   -=t H CO. . _ CM 0\V0 "^ 

-P -P P 
CO    CO    CO 

•p 

»(-I 
b C 
O CJ 

_  .     . . .        .     -   -        ..  .    _       o _     .     . 
roHHWrOf-HCMCMIAHrtfAlJ-HHWrOt-H 

< < < < 
t--tf H 

ct> -P 
-P PJ 
PJ (D 

O 
P»<H 
£ 

o 

H 

3 

m 

CO 

T3 

J* 

o 

a 
<!> 

O 

H 

CO 

3 
CO 

4! 

P. 

3 

-p 
p 

CO 

<3 

n 

O 

to 

S4 

s 
a5   $ 

57 



H t— OJ OVCO CO VO VO OJ VO       CO 

/™1  r~1  (™~T f"H  r™i  r**i f*-|  r^   f*1  r™i H"1 

o\ t- ir\ H H -=r ONVO oo o>     co 
rocn^-trMTMn^t ir\ t—trs     t— 
r*H  rH  r» ^H  fi  rH i"n  r™(  rH  r~t r~i 

OJ -d- ONVO OS O -4" H CO O       ON 
ir\.d- tr\trvWMAir\tr\«rstr\      u\ 
Hr-Ii-tHHi-tHi-IHH H 

8 
■p p-> i- -=t-1 i i i i i 

vovqvqi   i   i   i   i   i   i 
H H H    I     I    I    I 'S 

tr\-* -*vocv]ooroCT\C\OJ OJ 
-4- -=f -3- -d- iPi^t m rO-3- -3- ir\ 
HHHHHHHH'-!H       H 

S 
s 

I 
OJ O VO VO r-i  l/\ OJ OJ 
ooror-) rnrooomoo 
HHr-lHHHHH 

I vo 1 -3 l   H 

CO CO CM J* OJ VD ON C— O OJ O CO        o 
^t -=t _a- J* -=); -31 -=t- -* CO^J; ir\ oo      tr\. 
HHHr-Hr-li-iHr-lr-IHHH       H 

H H 
H   H Sä Sä Sä ^  ^ ^J? 

ONVp       Oh^H       4-HOO       Cvj OWO 
HCUfOHHWCnhH«ailr\HH(M OJ _* H H 

O frr^j H ro 
O 
OJ 

A    a 
1 t 

•a ■a O 

1 Si 
*\ *\ 3 

>? •p cö 

g ft o 
Q) 

OJ o rd 
OJ rH <D 

•X «s S o o 
I—I 

O 
O 

H 

■P 

CO 



Conclusions 

The detailed computer analysis of storage temperature data col- 
lected in boxcars loaded with typical loads of subsistence at Yuma, 
Arizona, and Cameron Station, Virginia, desert sub-tropical and humid 
sub-tropical stations, respectively, permitsthe following comparative 
conclusions; Absolute maximum temperatures reached are as shown below: 

Temperature (°F) 
Yuma Cameron Station Difference 

Roof Air 150 145 5 

Top Center Carton Air 119 102 18 

Top Center Carton Food 113 91 22 

These values may be taken as realistic upper limits for boxcar maximum 
storage temperatures, except in such unique environments as Death 
valley, a desert station below sea level. Food temperature maxima 
consistently are 7 to 10 degrees below carton air maxima, although 
the means of food and carton air temperature are very similar» At 
Yuma, daily maxima in Top Center Carton Air were 115°F or over on 16$ 
of days of the research period, and 100°F or over on 62$ of days. The 
balance of the load below the Top Center Carton was much more conserva- 
tive in temperature behavior, daily or weekly maxima being 15-20 F° 
lower 

The observed frequencies of storage temperatures over certain 
critical values at Yuma and Cameron reveal the much greater prolonged 
storage stress at Yuma; 

Percentage Frequency of Top Center 
Carton Food Temperatures Over 

90° 9f 109° 

60 36 h 

k 0 0 

Yuma 

Cameron 

Reflective insulation laid over the upper surface of the load, 
reduced Top Carton Air maximum temperatures 10™15 F° at Yuma and 
6-10 F° at Cameron, when compared either serially or concurrently with 
controls» The mean was reduced by about 5 F°, at most. The less 
expensive foil-faced kraft paper was as effective for this purpose 
as the more bulky insulation. 

Msan and maximum air temperatures near -the roöf of the empty 
steel boxcar at Yuma were only two degrees higher than those in the 
loaded car. However, at Cameron, maximum air temperature in the empty 
wooden car near the roof was 2$  F° below that in the loaded steel car, 
and the mean was 6 F° lower. 

The highest temperature on an exterior wall surface at Yuma was 
1T3°F on the corrugated steel surface of the south end of the loaded 
car. Highest temperature on an interior surface was 159°F, recorded 
on the east door 
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linear regression equations, using the much more refined data 
of the present computer analysis, confirmed the finding first stated 
in the preliminary report (l) that period means of temperatures of 
food in storage spaces have a high degree of correlation with period 
means of ambient temperature, especially for the week and the month. 
Degree of correlation was little increased when multiple linear re- 
gression was carried out using period mean radiation and wind speed 
as additional variables  The relation appears to he general for both 
dry and humid süb-tropical climates. 

It is possible, therefore, using readily available climatic 
data, to predict mean temperatures of food in storage spaces for periods 
short enough so that the figure may be used in computation of an effective 
mean storage temperature for prediction of food storage life. This can 
be done if an empirical relation between food storage life and food 
storage temperature is available. Such an effective mean temperature 
for the summer five months (Apr-Sept) at Yuma is <?4°F, while for the 
summer three months (Jun-Aug) at Cameron it is 81+OF. The storage life 
of food stored at such a constant effective mean storage temperature 
will approximate that of food stored under the fluctuating temperatures 
of the actual environment it is calculated to replicate. 

By adding 20 F° to the observed Top Center Carton Air weekly mean 
temperature., one would exceed the maximum at that position for all 
weekly periods studied at both stations. For 97$ of the weeks studied 
at Yuma and Cameron, addition of two standard deviations to the weekly 
mean permits prediction of the weekly maximum with 2 F°, at the Top 
Center Carton Air position 
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Appendix A 

Detailed last of Tables Covering Means, Frequencies,  and Standard 
Deviations of temperature Observations by Weeks 

Yuma 

Table 

XII 
XIII 
XIV 
XV 
XVI 
XVII 
XVIII 
XIX 
XX 
XXI 
XXII 
XXIII 
XXIV 
XXV 
XXVI 
XXVII 
XXVIII 
XXIX 
XXX 
XXXI 

XXXIII 
XXXIV 
XXXV 
XXXVI 

Top Center Carton — Air Temperature 
Top Center Carton -- Food Temperature 
Load Center Carton — Air Temperature 
Load Center Carton — Food Temperature 
Bottom Center Carton --Air 
Bottom Center Carton — Food 
Northeast Corner Top Carton — Air 
Northeast Corner Top Carton — Food 
Northeast Corner Second Layer Carton -- Air 
Northeast Corner Second Layer Carton -- Food 
Middle Layer Outer Carton Facing West Door « Air 
Middle Layer Outer Carton Facing West Door -* Food 
Middle Layer Outer Carton Facing Center South End — 
Middle Layer Outer Carton Facing Center South End — 
South Half Top Carton — Air 
South Half Top Carton — Food 
Air Temperature Six Inches Below Roof in Loaded Car 
Air Temperature Six Inches Above Load in Loaded Car 
Air Temperature Six Inches Below Roof in Empty Car 
Air Temperature Six Inches Above Floor in Empty Car 
East Door - Inside Surface Temperature 
West Door - Inside Surface Temperature 
South End — Outside Surface Temperature 
Roof Center — Inside Surface Temperature 
Outside Air Temperature 

Cameron 

Air 
Food 

XXXVII 
XXXVIII 
XXXIX 
XL 
XLI 
XLII 
XLIII 
XLIV 
XLV 
XLVI 
XLVII 
XLVIII 
LXIX 
L 
LI 
LII 
LIII 
LIV 
LV 

Top Center Carton — Air 
Top Center Carton — Food 
West Half Top Carton — Air 
West Half Top Carton —  Food 
East Half Top Carton -- Air 
East Half Top Carton — Food 
Load Center Carton — Air 
Load Center Carton « Food 
Bottom Center Carton ~ Air 
Bottom Center Carton — Food 
Middle Layer Outer Carton Facing 
Middle Layer Outer Carton Facing 
Middle Layer Outer Carton Facing 
Middle Layer Outer Carton Facing 
Air Temperature Six Inches Below 
Air Temperature Six Inches Above 
Air Temperature Six Inches Below 
Air Temperature Six Inches Above 
Outside Air Temperature 

South Door « Air 
South Door — Food 
Center East End — Air 
Center East End — Food 
Roof — Loaded Car 
Load — Loaded Car 
Roof — Empty Car 
Floor — Empty Car 
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Appendix B 

Figures 21-57. Means, Frequencies, and Standard 
Deviations of temperature Observations "by Weeks 

at Yuraa and Cameron 
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Figure 21. Means, frequencies, and standard deviations of temperature 
observations by weeks for 13 April - 19 April 1953 - Yuraa 
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Figure 22. Means, frequencies, and standard deviations of temperature 
observations by weeks for 20 April - 26 April 1953 - Yuma 
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observations by weeks for 18 May - 2k May I953 - Tuma. 
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Figure 27. Msans, frequencies, and standard deviations of temperature 
observations by weeks 25 May - 31 May I953 - Tuna 
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Figure 28. Means, frequencies, and standard deviations of temperature 
observations "by veeks for 1 June - 7 June 1953 - Tuma. 
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Figure 29. Maans, frequencies, and standard deviations of temperature 
observations for 1? June - 21 June 1953 - Tuma. 
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Figure 30.    Means, frequencies, and standard deviations of temperature 
observations by weeks for 29 June - 5 July 1953 - Yuraa. 
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Figure 31. Means, frequencies, and standard deviations of temperature 
observations by weeks for 6  July - 12 July 1953 - Tuma 
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Figure 32. Means, frequencies, aid standard deviations of temperature 
observations by weeks for 13 July - 19 July 1953 - Tuma. 

129 



— 

0 A 

res 
teg 

OUTSIDE AIR TEMPERATURE 

16» 
IGB 

ROOF CENTER   INSIDE 

SURFACE TEMPERATURE 

IM 
168 

SOUTH END   OUTSIDE 

SURFACE TEMPERATURE 

It» 
I« 

WEST DOOR   INSIDE 
SURFACE TEMPERATURE 

I   JO 
186 
I6S 

EAST DOOR   INSIDE 

SURFACE TEMPERATURE 

AIR TEMPERATURE SIX 

INCHES ABOVE FLOOR 

EMPTT CAR 
X 

AIR TEMPERATURE SIX 

INCHES BELOW ROOF 
' EMPTT CAR 

lea 
168 

AIR TEMPERATURE SIX 

INCHES ABOVE LOAD 

LOAOED CAR 

« A 

16» 
166 

AIR TEMPERATURE SIX 

INCHES BELOW ROOF 

LOADED CAR 

^M. 

MIDDLE LATER OUTER 

CARTON FACING CENTER 

SpUTH END   FOOD TEMPERATURE 

166 
166 

MIDDLE LATER OUTER CARTON 

FACING CENTER SOUTH END 

AIR TEMPERATURE 

'A\ 

MIDDLE LATER OUTER CARTON 

FACING WEST OOOR 

FOOD TEMPERATURE 

J3* 

£3*i 

166 
jeg 

MIDDLE LATER OUTER CARTON 

FACING WEST DOOR 
AIR TEMPERATURE 

BOTTOM CENTER CARTON 

FOOD TEMPERATURE 

B& — 

168 
n5 

▲   MEAN 

A   STANDARD DEVIATION 

ICd flC7tlflL HOWBEff OF KOUJTLY OBS 
169 POSSPBLf NO. OF HOURLY OB5 

•   MAXIMUM TEMPERATURE 

O   MINIMUM TEMPERATURE 

:tL 
BOTTOM CENTER CARTON 

AIR TEMPERATURE 

^ 

LOAD CENTER CARTON 

FOOD TEMPERATURE 

LOAD CENTER CARTON 

AIR TEMPERATURE 

-J5T 

TOP CENTER CARTON 

FOOD TEMPERATURE 

TOP CENTER CARTON 

AIR TEMPERATURE 
1ü» 

KtfPCflATOHE f fj 

Figure 33. Means, frequencies, and standard deviations of temperature 
observations by weeks for 20 July - 26* July I953 - Turn. 
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Figure 3^     Means, frequencies, and standard deviations of temperature 
observations by weeks for 27 July - k August 1953 - Turn. 
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Figure 35. Msans, frequencies, and standard deviations of temperature 
observations by weeks for 5 August - 10 August 1953 - Tuna 
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Figure 36  Means, frequencies, and standard deviations of temperature 
observations by veeks for 11 August - IT August 1953 - Tuma 
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Figure 37. Means, frequencies, and standard deviations of temperature 
observations by weeks for 18 August - 2^ August 1953 - Yuma. 
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Figure 38. Means, frequencies, and standard deviations of temperature 
observations by weeks for 25 August - 31 August 1953 - Tuma. 
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observations by weeks for 1 September - T September I953 - Tuma. 
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observations "by weeks for 15 September - 20 September 1953 - Tuma 
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139 



OUTSIDE AIR TEMPERATURE 

AIR TEMPERATURE SIX INCHES 

ABOVE FLOOR   EMPTY CAR 

AIR TEMPERATURE SJX INCHES 

BELOW ROOF EMPTY CAR 

AIR TEMPERATURE SIX INCHES 

ABOVE LOAD   LOADED CAR 

AIR TEMPERATURE SIX INCHES 

[BELOW ROOF LOADED CAR 

'MIDDLE LAYER OUTER CARTON 

FACING CENTER EAST END 

FOOD TEMPERATURE 

MIDDLE LAYER OUTER CARTON 

FACING CENTER EAST END 

AIR TEMPERATURE 

MIDDLE LAYER OUTER CARTON 

FACINO SOUTH DOOR 

FOOD TEMPERATURE 

MIDDLE LAYER OUTER CARTON 

FACING SOUTH DOOR 

AIR TEMPERATURE 

BOTTOM CENTER CARTON 

FOOD TEMPERATURE 

BOTTOM CENTER CARTON 

AIR TEMPERATURE 

▲  MEAN 

A  STANDARD OEVIATION 

lea »CTU*L NUMBCR of HOHBLT oes. 
169 POSSIBlt NO OF HOUHIY OBS 

•   MAXIMUM TEMPERATURE 

o    MINIMUM TEMPERATURE 

,LOAD CENTER CARTON 

FOOD TEMPERATURE 

LOAD CENTER CARTON 

AIR TEMPERATURE 

TOP CENTER CARTON 

FOOD TEMPERATURE 
 1 , 
TOP CENTER CARTON- 

AIR TEMPERATURE 
J , 

rcMPtiMFOAC i r> 

Figure k$.    Means, frequencies, and standard deviations of temperature 
observations by weeks for 10 June - 16 June 1953 - Cameron. 
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Figure Vf. Means, frequencies, and standard deviations of temperature 
observations "by -weeks for 8 July - 15 July 1953 - Cameron. 
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Figure JO. Maans, frequencies, and standard deviations of temperature 
observations by weeks for 31 July - b August 1953 - Cameron. 
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Figure 51. Means, frequencies, and standard deviations of temperature 
observations by weeks for ? August - 10 August 1953 - Cameron 
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Figure 52. Means, frequencies, and standard deviations of temperature 
observations by weeks for 11 August - 17 August I953 - Cameron 
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Figure 53. Msans, frequencies, and standard deviations of temperature 
observations by weeks for 18 August - 2^ August 1953 - Cameron. 
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observations by weeks for 26 August - 31 August 1953 - Cameron. 
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Figure 55. Means, frequencies, and standard deviations of temperature 
observations by weeks for 2 September - 7 September 1953 - Cameron. 
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Figure 56  Means, frequencies, and standard deviations of temperature 
observations for 2? August 1953 - Cameron. 
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Figure 57. Means, frequencies, and standard deviations of temperature 
observations by weeks for 1 September 1953 - Cameron. 
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